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ABSTRACT
The present study investigated the phytochemical analysis of  Thaumatococcus daniellii leaves used as bean pudding 
wrapper in most part of  Nigeria. The leaves were analysed before and after usage. The phytochemical components in 
the leaves were analysed qualitatively and quantitatively using standard methods. The toxicity of  the leave extracts was 
determined by brine shrimp lethality assay and this recorded zero mortality. The TLC of  the extracts was carried out 
and the chromatogram revealed differences in the number of  components present in the fresh and used leaves. The 
amount of  phytochemicals detected in the fresh leaves was higher than that of  the used leaves e.g. 22.50% saponin 
was obtained in the methanol extract of  the fresh leaf  and 12.75% for used leaf. Tanin 8% in fresh leaf  and 1.30% in 
used leaf  of  the methanol extracts. Some metabolites must have been absorbed by the bean pudding and some might 
have gone into the steam water.
Keywords: Phytochemicals, brine shrimp toxicity assay, Thaumatococcus daniellii, steaming, flavour. 
Introduction
Food wrappers/packages as described by Ojekale 
et al., (2007) are meant to preserve, extend 
shelf  life, retain nutrients, and present food for 
consumers in ideal state, among other functions. 
A lot of  techniques are used in wrapping foods 
which varies with geographical locations, culture, 
level of  industrialization, urbanization, economic 
status, desired effect of  manufacturer, and of  
course, preference of  the end user. Various types 
of  packaging/wrapping materials are used in food 
package all over the world but natural wrappers are 
founding acceptance above synthetic ones where 
applicable because of  the perceived safety and 
supply of  phytochemicals that may be beneficial to 
consumer’s health. Nigerian indigenous fast food 
vendors/industries use leaves of  some particular 
plants depending on the food item to be packed and 
availability of  the leaves at particular season of  the 
year. Amongst the common leaves used as natural 
wrappers for food products in Nigeria are Musa 
sapentium (banana leaf), Musa paradisiaca (plaintain 
leaf), Cola nitida and Thaumatococcus daniellii leaves 
(Adegunloye et al., 2006). The reason for using this 
leaves as wrappers is the common believe that they 
are GRAS (Generally Recognised As Safe). Other 
feature of  the leaves is their large surface areas 
which make them convenient to wrap large volume 
of  foods and their ability to retain moisture and 
heat in the food. But with increased use of  these 
wrappers, scientific verification of  their safety has 
become necessary and important. 
The sweetener plant Thaumatococcus daniellii. Benn 
(Benth), a member of  the Maranthaceae family 
has long slender stalks, reaching heights of  about 
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2 – 3 metres. It is grown in West African coastal 
areas for it economic reasons (Yeboah et al., 2003). 
Thaumatin, a non-caloric, non-toxic sweetener 
derived from the arils of  the plant is reportedly 
1600 times sweeter than sucrose (Elemo et al., 1999; 
Zemanek and Wasserman, 1995). It is a natural 
protein sweetener that readily decomposes into 
normal distribution of  amino acids upon hydrolysis 
(Zemanek and Wasserman, 1995). 
The discovery of  thaumatin which is used in 
food and drinks sweetening has drawn attention 
of  researchers into this plant (Elemo et al., 1999; 
Zemanek and Wasserman, 1995). Documented 
literature on Thaumatococcus daniellii includes its 
antimicrobial activities on some selected food 
microbes (Ojekale et al., 2007; De Lucca et al., 
2005) and the phytochemical analysis of  it extracts 
(Chinedu et al., 2014; Adegunloye et al., 2006; 
Ojekale et al., 2007; Duraipandiyan et al., 2006). 
Brine shrimp lethality assay is yet to be reported 
on this plant and the flavour generation observed 
when the leaf  is used as food wrapper during food 
processing or packaging are yet to be established. 
In particular the perceived flavour generated during 
bean pudding wrapped with Thaumatococcus daniellii 
is yet to be fully undertaken.
Considering the growing numbers of  urban 
dwellers who are increasingly dependent on street 
cooked food and food presentation at ceremonies, 
it is important to examine the types of  leaves 
used as wrapping materials by food vendors 
and their effect on the quality of  the food. This 
work therefore studied the effects of  steaming 
on the phytochemicals present in T. daniellii 
used as wrappers in the production of  beans 
pudding, assessing the qualitative and quantitative 
phytochemicals in the leaves. Also the safety or 
otherwise of  T. daniellii leaves as food wrappers was 
determined using brine shrimp lethality assay. 
Materials and Methods
Sample collection
The fresh leaves of  T. daniellii were purchased from 
vendor in Tanke Oke-odo, Ilorin, Nigeria. The 
used leaves of  moin-moin (a Nigerian steamed bean 
pudding made from a wet milled mixture of  peeled 
black-eyed beans, onions and peppers)  was obtained 
from vendor also at  Tanke  Oke-odo, Ilorin. Leaf  
was identified at the Department of  Plant Biology, 
University of  Ilorin, Ilorin and specimen copy was 
deposited at the Departmental herbarium.
Sample preparation 
 The fresh leaves and the used leaves of  T. daniellii 
were washed to remove traces of  food and 
contaminants that may be attached to the leaves. 
The leaves were air-dried at room temperature. 
They were weighed and coarsely ground.
Extraction of leaf components
Cold extraction was employed in extracting the 
organic components in the leave samples. The 
ground samples were soaked in cold n-hexane 
and ethanol successively with occasional swirling 
and shaking. The filtrate of  each extraction was 
concentrated to remove the excess solvent with the 
aid of  rotary evaporator. The crude extracts were 
properly sealed and kept in the refrigerator pending 
analysis.
Thin layer chromatography
All crude extracts were chromatographed on 
commercial pre-coated silica gel plates (G254, 
Mersck) with the appropriate mobile phases after 
proper sample preparation and spotting (Simon, 
1976) to determine the number of  component 
in each extract. The plate was activated at 100oC 
for 30 min, allowed to cool and then loaded 
with about 0.2 cm3 of  the extract solution. The 
plate was then developed in developing solvent 
system. The methanol extract was developed in 
dichloromethane/methanol; 5:2 and n-hexane 
extract on n-hexane/dichloromethane; 2:1. 
Phytochemical screening of crude extract
The secondary metabolites present in the crude 
extracts were determined by standard phytochemical 
screening techniques described by Sofowara (1993), 
Trease and Evans (1989), Odebiyi and Sofowora 
1978 and Harborne (1973) as described below. 
112        Nigerian Food Journal  Vol. 32 No. 1, 2014 ...  Full Length Article
Fresh    Used   Fresh      Used
Methanol Extract   N-hexane Extract
Fig. 1: TLC representation of  methanol and 
n-hexane extracts of  fresh and used leaves 
respectively
Qualitative analysis
About 0.5 g of  the extract was stirred with distilled 
water and filtered. Ferric chloride was added to the 
filtrate. A blue-black or green precipitate observed 
indicates the presence of  tannins. The presence of  
saponin was tested by adding 0.5 g of  the extract 
to 5 ml of  distilled water in a test tube and shook. 
Frothing occurred and it persisted for over 1 min 
indicating the presence of  saponins. Flavonoid 
presence in the extract was tested by dissolving 0.5 
g of  the extract in dilute NaOH with the addition 
of  HCl acid. A yellow solution obtained which turn 
colourless on standing with time.
The presence of  alkaloid was tested by warming 
0.5 g of  the extract with 1% HCl for about two 
min. The resulting mixture was centrifuge for 
about 10 min at 3000 rpm. The mixture filtered and 
few drops of  Meyer’s reagent added to the filtrate. 
Observation of  turbidity indicates the presence of  
alkaloid. Anthraquinone was determined by Born-
Trager’s test. About 0.5 g of  extract was shaken 
with 4 ml of  benzene. The mixture was filtered 
and 2 ml of  10% ammonia solution was added to 
the filtrate and the mixture shaken, a violet colour 
observed in the ammonical phase (lower phase) 
indicate the presence of  anthraquinone. Reducing 
sugar was determined by Fehling reagents test. 
About 0.5 g of  the extract was shaken with distilled 
water and filtered. The filtrate was boiled with a 
drop of  Fehling’s solution A and B for 2 min. An 
orange-red precipitate indicates the presence of  
reducing sugars. Keller-Killiani’s test was used for 
glycoside. About 0.5 g of  extract was dissolved in 
glacial acetic acid containing one drop of  FeCl3. 
The solution was underlay with concentrated 
H2SO4. A brown ring observation at the interphase 
between the acetic acid and concentrated sulphuric 
acid indicates the presence of  glycosides.
Quantitative analysis
Flavonoid
The method of  Boham and Kocipai-Abyazan 
(1994) was employed for the quantitative analysis 
of  the flavonoids. About 10 g of  the extracts was 
extracted with 100 ml of  80% aqueous methanol 
at room temperature. The extraction was repeated 
thrice. The whole solution was filtered through 
Whatman No. 42 filter paper (125 mm). The filtrate 
was transferred into a crucible and evaporated into 
dryness over a water bath until a constant weight 
was obtained. 
Tannin
The modified Okwu and Iroabuchi (2004) method 
was used in this determination. Ground leaf  sample 
(5 g) was weighed into a conical flask and 100 ml of  
2M HCl added. The mixture was boiled on a water 
bath for 30 min. The mixture was cooled and filtered 
using Whatman No.1 filter paper. The filtrate was 
taken up in 40 ml of  diethylether twice. The ether 
extract was heated to dryness and weighed. 
Saponin
The method by Obadoni and Ochuko (2001) was 
employed in this analysis. 20 g sample was put into a 
conical flask followed by the addition of  100 ml of  
20% aqueous ethanol.  The content was heated in a 
water bath for 4 h with continuous stirring at about 
55oC. The mixture was filtered and the residue re-
extracted with another 100 ml of  20% aqueous 
ethanol. The combined extracts were reduced to 40 
ml over water bath at 90oC. The concentrate was 
transferred into a 250 ml separating funnel and 20 
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ml of  diethyl ether added and shaken vigorously. 
The aqueous layer was recovered while the ether 
layer was discarded. 60 ml of  n-butanol was added 
to the recovered aqueous layer. The n-butanol 
extracts was washed twice with 10 ml of  5% 
aqueous sodium chloride. The remaining solution 
was heated in a water bath. After evaporation the 
samples were dried in the oven to a constant weight. 
Saponin content was weighed and calculated as 
percentage.
Brine shrimp lethality assay
Brine shrimp lethality assay was used to determine 
the toxicity of  the plant extract. Brine shrimp is 
a unicellular organism that was used as the test 
organism for the assay with the insight that toxicity 
on brine shrimp is toxicity to man. The modified 
method of  Krishnaraju et al., 2005 was employed 
in this study.
The brine shrimp (Artemia salina) eggs was hatched 
in an improvised hatchery made of  plastic dish 
filled with natural sea water from Bar Beach, Lagos. 
The hatchery with eggs was left for 48 h.
The extract stock solution was prepared by dissolving 
0.02 g of  the extract in 2 ml dimethylsulphoxide 
(DMSO). 1.8 ml of  the sea water was added to 0.2 
ml of  the extract stock solution to give 1000 ppm. 
Subsequent concentrations of  100 and 10 ppm 
were prepared from this by serial dilution.
Ten larvae was drawn through a glass capillary 
(a dropping pipette) and placed in a test tube 
containing 4 ml of  the sea water and 0.5 ml of  the 
stock solution (plant extract) was added and made 
up to 5 ml mark with sea water.
Test for each concentration was done in triplicates 
and a control experiment containing 5 ml of  sea 
water and ten larvae with two drops of  DMSO was 
set alongside it. The experiment was maintained at 
room temperature for 24 h under light and surviving 
larvae were counted.
The percentage mortality was calculated thus:
% mortality = 
number of  dead larvae
total number of  larvae  x 100
The LC50, which is the concentration of  the extract 
that will kill 50% of  the larvae, could not be 
calculated by computerised probit analysis because 
the Chi-square for one degree of  freedom is 0.000 
and there was an overflow.
Results and Discussion
The fresh leaf  of  T. danielii is greenish in colour 
and smooth but the used leaf  is brownish and 
wrinkled as a result of  the steaming of  the beans 
pudding. This study revealed that the methanol 
and n-hexane extracts of  T. danielii leaves prior 
to and after usage in wrapping moin-moin contain 
important phytochemicals as shown in both Tables 
1 and 2.  Table 1 gave the phytochemicals present 
while Table 2 showed the quantitative analyses of  
these phytochemicals.
Table 1:  Qualitative phytochemical screening of  
the methanol and n-hexane extracts of  T. 
danielii before and after use in wrapping 
moin-moin
Phytochemical Methanol Methanol N-hexane N-hexane
 Extract of  extract of  extract of  extract of
 Fresh used Fresh used
 leaves  leaves leaves leaves
Saponin + + + +
Alkaloid + + + +
Glycosides  _ _ _ _
Tannin + + _ _
Flavonoid + + + +
Steroid + + + +
Reducing Sugar + + + +
Anthraquinone _ _ _ _  
Key: + = present ; – = absent.
The leaves of  T. danielii contain important medicinal 
phytochemicals (Table 1).  The leaves, both prior 
to usage in wrapping moin-moin and after contain 
saponins, alkaloids, tannins, flavonoids, steroids 
and reducing sugar as evident in the methanolic 
and n-hexane extracts analyses. This agrees with 
the earlier findings of  Ojekale et al., (2007) and 
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Chinedu et al., (2014) who reported that the 
chloroform, methanol, ethanol and the aqueous 
extracts of  the fresh leaves of  T. danielii contains 
these phytochemicals.
The quantitative phytochemical analyses of  the 
leaves prior to usage and after (Table 2) suggest 
that some of  these phytochemicals have either 
leached into the food sample or the water used 
in the steaming the moin-moin. The amount of  
saponins present in the fresh leaf  decrease from 
22.5% to 12.75% for methanol extract and from 
23.08% to 9.09% for n-hexane extract. Flavonoids 
decrease from 32.71% to 15.25% for methanol 
extract while there is no change in the quantity 
observed for n-hexane extract. For tannin, the 
decrease is from 8.00% to 1.30% and was noticed 
for methanol extract only. Saponins have antitumor 
and anti-mutagenic activities and can lower the 
risk of  human cancers by preventing the growth 
of  cancer cells (Roa et al., 1995). Flavonoids 
exhibit antioxidant properties as well as health 
promoting activities viz. anti-inflammatory, tumour 
inhibitory and anti-cancer (Yamamoto and Gaynor, 
2001), hypolipidemic effects, anti-thrombotic, 
vasoprotective, and anti-viral effects (Trease and 
Evans, 2002; Sudheesh et al., 1997). Iwu, (1980 and 
1983) have also reported that tannin containing 
drugs have been shown to possess anti-diabetic 
properties. This indicated the double potential in 
the use of  natural leaves wrappers as source of  
food covering/presentation and herbal medication. 
Thaumatin, a protein metabolite and essential oils 
present in the leaves of  T. daniellii are likely to 
be responsible for the flavour generated in moin-
moin as people who consume the food affirmed 
that there is a particular flavour associated only 
with food items wrapped with these leaves. This 
can be tangentially collaborated with reduction in 
quantities of  metabolites found in used leaves to 
the fresh leaves. The thaumatin and some of  the 
components of  the essential oil been protein can be 
hydrolysed to form units of  amino acids which can 
generate the perceived flavour. Also, beans protein 
can also undergo hydrolysis during the steaming 
process which involves steam and heat (Chinedu et 
al.,. 2014; Zemanek and Wasserman, 1995).
Table 2: Quantitative analysis of  the major 
phytochemical content of  methanol and 
n-hexane extracts of  T. danielii prior to 
usage in wrapping moin-moin and after 
usage
Phytochemical Methanol Methanol N-hexane N-hexane
 Extract of  extract of  extract of  extract of
 Fresh used Fresh used
 leaves  leaves leaves leaves
 (%) (%) (%) (%)
Saponin 22.50 12.75  23.08 9.09
Flavonoid 32.71 15.2    5.88 5.88
Tannin   8.00  1.30       -     -
A comparison of  the TLC chromatogram of  the 
methanolic extracts of  the fresh and the used leaves 
of  T. danielii (Fig. 1) shows the fresh leaves extract 
separated into five components with Rf  values of  
0.66, 0.77, 0.85, 0.89, 0.93 and the used leaves also 
separated into five components, two having similar 
Rf with fresh (0.85 and 0.93) and three being 
different of  Rf 0.60, 0.71, 0.81under the same set 
of  conditions. Components with Rf 0.85 and 0.93 
are consistent in the two extracts but the other three 
components have different Rf values indicating 
different compounds. This definitely proves that 
some chemical reactions have definitely occurred 
during the steaming though the flavours generated 
were not trapped for analysis. The mechanisms 
of  possible reaction were not postulated but it is 
clear that there are chemical reactions between the 
wrapper, T. danielii and the moin-moin. This TLC 
result suggest further work to identify the chemical 
interaction that must have taken place between the 
fresh leaf  and the food item wrapped with the leaf, 
since at least two chemical components of  the used 
leaf  now differs in Rf from that of  the fresh leaf. 
A spot of  the n-hexane crude extract of  the fresh T. 
danielii on TLC plate shows five components with 
the Rf values 0.08, 0.24, 0.42, 0.74, 0.92 while that 
of  the used leaf  under the same set of  condition 
showed six components with the following Rf  
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values; 0.10, 0.24, 0.35, 0.53, 0.72, 0.92.  Only 
two components of  the fresh and used leaves 
are similar with the same Rf values of  0.24 and 
0.92 under the same set of  conditions which still 
support the fact that chemical reactions occurred 
between the leaves and the food that was wrapped 
in it during processing which involved steaming 
in water at elevated temperature. This reaction is 
experienced by the sensational flavour expressed by 
the moin-moin enticing and appetising aroma which 
are absent when the same moin-moin is prepared in 
tin, nylon or other synthetic wrappers.
The toxicity and bioactivity of  the leaves were 
determined by subjecting the different extracts of  T. 
danielii to brine shrimp (A. salina) lethality assay and 
the result is shown in Table 3. At 1000 ppm for all 
the extracts, none of  the thirty brine shrimp nauplii 
used in the triplicate tests died after 24 h, which 
give zero per cent mortality just like the control. By 
implication 1000 ppm of  the extract was not toxic 
to cause death or deformation of  the brine shrimps. 
Similar results were observed for the extracts at 100 
ppm and 10 ppm. This zero mortality indicated that 
these leaves have very low toxicity if  any and are 
safe to be used as food wrappers. The LC50 could 
not be calculated because the Chi-square could not 
converge as a result of  the zero mortality. 
Table 3: Bioactivity of  T. daniellii extracts using brine shrimp (Artemia salina) lethality assay
Extract Conc. % Conc. % Conc. %
  10 ppm mortality 100 ppm mortality 1000 ppm mortality
Methanol  extract of
Fresh T. danielii 10,10,10 0 10,10,10 0 10,10,10 0
Methanol extract of
Used  T. danielii 10,10,10 0 10,10,10 0 10,10,10 0
N-hexane extract of
Fresh T. danielii 10,10,10 0 10,10,10 0 10,10,10 0
N-hexane extract of
Used  T. danielii 10,10,10 0 10,10,10 0 10,10.10 0
Note: The control shows zero per cent mortality
Conclusion
The leaves of  T. danielii are safe as food wrapper 
because they have no detected toxicity as obtained 
by the result of  the brine shrimp toxicity assay. The 
presence of  important medicinal metabolites in the 
leaves of  T. danielii shows that beside the use of  
these leaves as food wrappers, they are potential 
source of  herbal ingredients that can add values to 
the food to promote good health for consumers. 
The preliminary comparative phytochemical 
analysis of  the leaves of  T. daniellii before and after 
usage as wrapper, and the comparative analytical 
thin layer chromatography suggest that there are 
chemical reactions between the wrappers and the 
food during processing. The migration of  these 
medicinal metabolites from the leaves to the food 
is a very likely possibility and therefore beneficial 
to the consumers. Though, further work should 
be done to trap the flavour generated during 
processing and analysed with GC-MS to establish 
the identity of  the compounds responsible for the 
aromas and possibly predict the mode/mechanisms 
of  the aroma generation.
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